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Airborne particulates and the health problems they cause are of particular concern in 
dense urban areas.  This thesis focuses on the relationships between airborne 
particulate levels, hospitalizations for health problems known to be associated with 
particulates, and demographic variables.  Using data collected during bike transects and 
GIS/spatial analysis, I found a significant correlation between large particulates and 
respiratory hospitalizations, between small particulates and heart disease/cancer 
hospitalizations, and between particulates and areas of high poverty.  Although further 
research is needed, these findings indicate that environmental justice issues exist and 
that particulate mitigation must be undertaken in order to protect the health of 































 Of the many potential health hazards facing urban populations, those related to 
particulate air pollution have proved to be amongst the most troublesome in terms of 
planning, health, policy, and environmental justice.  On a physical level, the fact that air 
pollutants are rarely subject to physical barriers and are distributed by wind and 
weather patterns beyond human control makes them not only difficult to influence, but 
difficult to study.  For this reason, there exists a dearth of data on which planners and 
policymakers can rely, making it difficult to convince agencies to enact change.  But this 
is not ample reason for planners and policymakers to deny funding, research, and 
implementation of air policy dialogues and initiatives.  As will be shown in a review of 
the literature and in the course of this research, air pollution is one of the largest factors 
in urban health, specifically in low-income areas where mitigation measures are rarely 
present, resulting in effects ranging from asthma and low birth weight to coronary 
disease and vastly increased morbidity. 
 This study will attempt to address three main questions. Can accurate and 
statistically viable data be collected on a small scale with a handheld particulate 
monitor, and what does this suggest for future efforts of larger scale? Using GIS, spatial 
analysis, and statistics, what relationships can be shown between gathered data, 
location of known polluting sites, health data, and Census variables indicating 
potentially at risk communities? And lastly, what recommendations can be made that 
will inform future small scale community data collection efforts as well as provide 
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statistically significant results on which to base future policy to reduce particulate 
matter and its health impacts on communities?   
In order to answer the first question, “Can useful small scale data be collected?”, 
I will collect on-the-ground particulate data using a Met One portable particulate 
monitor while using a second Met One sensor on top of a school at E 149th St and Adam 
Clayton Powell as a stationary background/control measurement.  Currently there are 
three stationary particulate monitors on the island of Manhattan.  Research indicates 
that the distances particles will stay suspended after they leave their source vary by 
source and size of particle, but can be as little as 150m around roads (Maantay, 2007).  
Therefore, the three particulate monitors on Manhattan do not provide sufficient data 
for looking at neighborhoods which are not in close proximity to the sensors.  Using a 
hand-held particulate monitor, data can be gathered in a small enough area that a single 
researcher (or a community-based research group) could replicate such a study and 
potentially identify a hot spot of PM pollution that larger monitors, which are frequently 
located above street level, would otherwise miss.   
Time constraints and the need for a statistically significant sample size will 
require the study area be constrained to a relatively small piece of Manhattan.  I 
selected the area between 150th and 130th Streets to the north and south, and Riverside 
Drive and 5th Ave to the west and east, for a number of reasons.  The area is residential 
and includes known low-income and minority demographic groups, it has a high 
incidence of asthma and heart disease hospitalizations, it includes the locations of two 
known TRI (Toxic Release Inventory) sites as well as numerous Stationary Point Sources, 
7 
 
truck routes, and other pollution sources within its boundaries, and it is proximate to 
Columbia University and its proposed Manhattanville expansion project.  
The results of this analysis were used, in conjunction with information about 
current policy, regulatory, and planning efforts, as well as examples from the literature, 
to create recommendations could help provide an equitable and environmentally 
sustainable alternative to the current levels of air pollution in Manhattan specifically 
and urban environments generally.  The results attempt to show that a small-scale, low-
cost study involving on-the-ground data collection can be useful in acquiring enough 
data to spur community members and policymakers to take action, whether it be 
commissioning a more in-depth study, increasing community awareness about the 
causes and health effects of air pollution, or using the data to make policy and planning 
recommendations to reduce levels of localized air pollution.   













Of the six “criteria air pollutants” for which the EPA sets regulations (particulate 
matter, nitrogen oxides, sulfur oxides, lead, ozone, and carbon monoxide), particulate 
matter is of particular concern, especially in urban settings, due to the multiple sources 
of its production and the fact that particulate matter can contain any of the other 
criteria pollutants and thus encompasses most of the possible health effects of various 
types of air pollution (Harrison, 2000).  Because particulate matter is much too small for 
the naked eye to see, people often do not know they are being exposed to hazardous 
levels until health problems develop.  It has proven difficult for researchers and policy 
makers to place direct blame for health problems and environmental justice issues on 
air pollution, due to the multitude of confounding factors, the difficulty of proving that 
any given effect has been significantly influenced by a certain airborne pollutant, and 
the fact that air pollution is "considered a component cause for a variety of 
multifactorial health outcomes" (Kunzli, 2000).  In addition, it is difficult to obtain 
funding for air pollution and health studies because of the long time spans needed for 
data collection, patient confidentiality issues, and the inconclusiveness of much of the 
analysis done thus far. 
In New York City, these problems are exacerbated by the fact that the data on air 
pollution and particulate matter (PM) is lacking (Kinney et al, 2000; Coburn, 2006).  
There are only fourteen permanent particulate monitors installed in all five boroughs 
(three in Manhattan), which cover an area of 322 square miles with a 2006 population 
of 8.2 million (US Census, 2007).  The nature of particulate matter is such that localized 
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levels may be quite high, creating hotspots that impact local populations in densely 
populated (and often low-income or minority) neighborhoods, but appear to be under 
EPA recommendations when averaged across a geographical reporting area. The few 
monitors that exist are too far apart to inform researchers on the localized impacts of 
PM; in addition, they are not evenly distributed across the city, making their data 
virtually "meaningless" (Maantay, 2007).  Four of the five boroughs of New York City are 
located on islands, which makes the transport of goods, services, people, and waste 
particularly problematic due to the large amount of truck, barge, and other mobile 
pollution sources.  Stationary sources of air pollution - from large emitters reported on 
the Toxic Release Inventory list to small emitters such as local dry cleaners and 
apartment building furnaces - also contribute to the air pollution problems in New York 
City (Maantay, 2007).   
 
Particulate Matter 
 Particulate Matter (PM) is the term used for any particle, solid or liquid, which 
can be found suspended in the air column.  Unlike other air pollutants, of which PM is 
often partially comprised, the physical makeup of PM is different from place to place 
and can be made up of any number of things including but not limited to “dirt, soil, dust, 
pollens, molds, ashes, soot, metals, aerosols formed by combustion, volatile organic 
compounds, sulfur dioxides, nitrogen oxides, etc.” (Connecticut DEP, 2007).  The 
physical dimension of a particulate is limited by its ability to be suspended in the air.  
The most commonly used size distinctions refer to particles that are small enough to be 
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inhaled and are usually measured at the 10, 2.5, and <1 micrometer diameter levels.  
The EPA (2007) defines “inhalable coarse particles” as those ranging in size from 2.5 to 
10 micrometers, and “fine particles” as those smaller than 2.5 micrometers.  In 
comparison, the diameter of a human hair is approximately 75 micrometers; 
particulates are usually too small to be seen with the naked eye, but can collectively be 
seen from afar as “haze”. 
 There are two main types of particulates.  Primary particles are emitted directly 
from their source.  These can be from natural sources, such as pollen from a flower, or 
from human sources such as a wood fire, car, or apartment boiler stack.  In the case of 
primary particles, if combustion is the method of creation, this process takes place 
before suspension in the air.  Secondary particles are the result of chemical interactions 
between gasses and solid/liquid materials when in the presence of sunlight or water 
vapor (Connecticut DEP, 2007).  Secondary particles tend to make up the bulk of fine 
particulate matter (PM2.5 and smaller), and in urban areas come predominantly from 
human sources (EPA, 2007), although the mixing of urban and rural air pollution is a 
concern in the acquisition of accurate data for policymaking (Davidson et al, 2005). 
 Although particulates occur naturally and are always found in the air, a large 
proportion of them, particularly in urban areas, occur as a result of human actions.  
Vehicle exhaust, smokestack emissions, factories, coal combustion, incineration, 
construction, wood burning, agricultural activities, industrial processes, boilers, waste 
treatment, pest droppings, and road surface friction are just a few of the sources of PM 
in urban settings (Connecticut EPA, 2007).  PM is important not only for its massive 
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health implications, but because of its ability to alter the larger living environment with 
reductions in visibility and associated changes in climate (such as increased cloud cover).   
The economic implications of PM have not been studied per se, but it can be expected 
that increased pollution will lead to more absences at work and school (Davidson et al, 
2005).  A study by Malm (2003) indicated that the reduced visual range created by 
particulates (smog) had a significant effect on psychological wellbeing, decreased 
outdoor and leisure activities, and increased stress.  Although it is out of the scope of 
this study, the literature indicates that the economic impacts of PM would not stem only 
from costs related to health.  Ostro and Chestnut (1997) estimate PM-related health 
costs at $55 billion annually (in 1997 dollars).     
 Currently, the EPA regards particulate matter as one of six criteria pollutants 
regulated by the National Ambient Air Quality Standards (NAAQS) under the Clean Air 
Act (2007).  Regulations were first established in 1971, then revised in 1987, when 
particulate matter was defined as being smaller than 10 micrometers.  In 1997, the first 
regulations for PM2.5 were put in place after research proved that smaller particles 
were more detrimental to health.  Air quality standards for PM are measured in 
micrograms per cubic meter, and the EPA provides standards for average mass over 
short (24 hour) and long (annual) time periods at 15 um3 and 35 um3 respectively.  
However, in 2006 the EPA revoked its annual standards for PM10, citing controversial 
research that suggested no long-term health effects of PM10 (EPA, 2007).  In 1997 and 
2004, all five boroughs of New York City did not meet attainment standards under the 
Clean Air Act for PM2.5 (EPA, 2007).  As of now, the EPA has not regulated PM1, which 
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are also known as “ultrafine particles”, and there are no permanent monitors in New 
York City for PM1.  Recent research has begun to focus on PM1 and smaller due to 
studies indicating that smaller particles cause more serious health problems.  The EPA is 
currently in the process of setting up a "National Core Network" (NCORE), which will 
monitor PM as well as a number of other pollutants, however, it is not expected to be 
up and running until 2011 and it only provides one monitor for NYC.  Evidence suggests 
that data collected and averaged per current EPA guidelines (in which the shortest 
averaging period is 24 hours) may not adequately take into account very short-term but 
health-damaging effects; 1-hour averages may be necessary (Davidson, 2005). 
 Why are the three monitors currently installed in Manhattan not enough, and 
why is it important to do the type of small-scale research undertaken in this thesis?  The 
nature of PM is such that it is spatially variable, based on a number of factors which 
include size of particle, wind, other metrological conditions, and location of structures.  
Maantay (2007) suggests that the effects of PM from TRI sites should be examined in a 
½ mile radius buffer; for Stationary Point Sources this buffer should be ¼ mile, and for 
truck routes, it should be 150m (this measurement varies between 150m and 1 mile in 
the literature).  Therefore, averaging the PM values over the whole of the island (based 
on just three monitors), as many city agencies do, does not give a representative picture 
of the local pollution conditions.  Indeed, an editorial in the Journal of Epidemiology and 
Health (Lipfert, 2004) suggests that studies “based on city-wide air quality suggest that 
local exposure (and thus individual) gradients *in air quality+ could be very important.”  
The question then becomes a problem of scale – it is not economically feasible to have a 
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monitor on every city block.  But this is not reason enough not to conduct analysis and 
create policy, even though difficulty in acquiring data is what has caused researchers to 
restrict geographic selection of sites.  As stated by Kunzli (2000), long-term cohorts 
already exist which would provide the information necessary to analyze health 
alongside pollution data; in addition, despite the cost and manpower involved in 
collection new data, datasets could prove useful to not only planners and policymakers, 
but environmental health scientists, risk assessors, and emergency personnel.   
Diesel particulate matter is of great concern because it results almost solely from 
combustion and is composed primarily of elemental carbon, which due to its physical 
properties easily binds to the chemicals and hard metals which are present in diesel 
fuel.  Polycyclic Aromatic Hydrocarbons (PAHs), which result during combustion of fossil 
fuel and during interactions between hydrocarbons and nitrogen oxides in the air, are 
present in particulate matter and are of great concern because of their known 
mutagenic and carcinogenic properties (Suzuki et al, 1997).  Per mile, diesel engines 
emit 10 times more PM than conventional motors (Kinney et al, 2000).  Because of the 
truck routes and shipping lanes prevalent in New York City and because there are no 
government-regulated standards specific to diesel engines, New Yorkers are at 
particular health risk from diesel particulates.  Studies attempting to implicate certain 
chemical components of PM, or certain chemicals that bind to particulates, have had 
mixed results; instead, it appears that PM is a reliable proxy for a number of types of air 
pollutants (Davidson, 2005).   
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Numerous studies cite the link between motor traffic, particulates, and health, 
but the spatial element of this relationship is still a matter of discussion (Hoek et al, 
2002; McLellan, 2002; Zhu, 2002).  A study by the Dutch National Air Quality Monitoring 
Network (van Doesburg et al, 1994) did not find significantly higher levels of PM10 near 
busy roads as opposed to lesser-traveled roads in an urban setting, but its results were 
reported as 24-hour concentrations.  A study which took into account daytime vs. 
nighttime measurements of PM found a significantly higher level during daytime hours 
(Janssen et al, 1997).  Although seasonal and diurnal variation are significant when 
measuring PM, New Yorkers experience elevated rates of PM year-round, some for their 
entire lives.  A study examining increase morbidity as a function of exposure to higher-
than-EPA regulated levels of particulates found that those exposed to high PM for 
“longer timescales” (10 days to 2 months) were 1.35% per 10-unit increase in PM10 to 
perish due to its effects (Dominici, F. et al, 2001).   
 
Health and Particulate Matter 
 In order to make policy recommendations for PM standards, it is necessary to 
understand the heath implications of PM and the reasons why PM should be monitored 
and regulated.  Particulates cause health problems by being inhaled.  Up to 70% of 
particulates are filtered out by the nose and mouth before reaching the respiratory tract 
and lungs (EPA, 2007).  Larger particulates (such as PM10) which cannot pass through 
cellular membranes tend to cause asthma, respiratory illness, and inflammation of lung 
tissues (Ghio et al, 2000; Van Den Eeden et al, 2002; Norris et al, 1999).  For these size 
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particles, deposition usually happens on the tracheobronchial tissues, which causes the 
respiratory issues listed above (McClellan, 2002).  Particles 2.5 micrometers and smaller 
are able to pass through cellular membranes and enter the bloodstream just as oxygen 
molecules do (American Lung Association, 2008).  Deposition of this size of particle 
tends to happen on alveolar tissues, causing much more serious health problems.  Once 
deposition on tissues occurs, the size does not tend to matter as much as total mass 
(often referred to as "dose value"), total count, surface area, and chemistry of the 
particles (McClellan, 2002).   
 Existing research suggests that the health effects of small particles include death 
from cardiovascular and respiratory diseases as well as genetic mutation, lung cancer, 
strokes, heart attacks, severe asthma attacks, blood disease, low birth weight, high 
infant mortality, and increased hospital admissions and medication use (Hong et al, 
2002; Lin et al, 2002; Churg et al, 2003, Buschini et al, 2000, Morris, R., 2001, American 
Lung Association 2008).  The reason that smaller particles tend to lead to more serious 
health problems is not only because their size allows them to get farther into the body, 
but because particles can become solubilized and transported via blood to other tissues 
- most importantly, the heart (McClellan, 2002).  Cancer is often cited as an endpoint of 
PM exposure; a study in South California found that 70% of respiratory cancer risk could 
be attributed to diesel particulate matter (Coburn, 2006). 
 Research on so-called "ultrafine particles" (UFPs, which are characterized as 
being <1 micrometer in diameter) is, at this time, lacking in breadth.  However, 
preliminary studies suggest that these particles may be the most dangerous of all in 
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terms of health, causing many serious heart-related ailments such as cardiac ischemia, 
autonomic cardiac rhythm, and systemic inflammation and thrombosis and greater rates 
of mortality (Delfino et al, 2005).  The reason seems to stem from the fact that these 
ultrafine particles have high deposition efficiency, are found in much greater numbers 
than any other size category, and have a much higher surface area to mass ratio than 
larger particles.  Because particulates are often able to bind to toxic chemicals, a larger 
surface area per mass would mean that a greater amount of toxin would be present 
when breathing ultrafine particles, given the same total mass of particulates.  The 
method by which ultrafine particulates cause pulmonary and cardiovascular disease is 
beyond the scope of this study, but it is important to note that the relationship has been 
demonstrated in the literature.  Kinney et al (2002) reported that localized ultrafine 
particle readings are often found at concentrations over twice the city-wide average in 
NYC, providing even more support for small-scale monitoring efforts which can capture 
ultrafine particulate data.  These studies all point out that it is very important to 
consider a number of confounding factors when correlating health outcomes and PM, 
including meteorological conditions (temperature, humidity), past medical history, diet 
and exercise, and other variables. 
Despite the fact that the EPA removed annual guidelines for PM in 2006, 
research indicates that the long-term health implications for PM exposure can include 
increased hospitalization rates, acute asthma, slowed lung function growth, damaged 
small airways in the lungs, and increased risk of death from lung disease and/or cancer 
(Pope et al, 2004; American Lung Association 2008).  These effects are exacerbated in 
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children, the elderly, those with diabetes, and those with existing cardiopulmonary or 
respiratory disease.   
Existing research has also shown that asthma is increasing at a dramatic rate in 
NYC, specifically in communities such as the South Bronx and Harlem (Maantay, 2007).  
PM plays a large part in this increase, but it does not tell the whole story.  Household-
level factors such as rat and mouse droppings, cockroach exposure, and molds 
contribute significantly to an individual’s PM exposure within their house, and could be 
mitigated with simple household changes (Shapiro and Stout, 2002).  Poor ventilation 
systems can also contribute to high levels of indoor PM, although small particles tend to 
be efficient in penetrating indoor environments (Kunzli, 2000).   
Regardless of source, high PM levels contribute to asthma incidence, specifically 
amongst children and the elderly, and residents of low-income communities do not 
receive the medical care that their non-poor counterparts do.  A 1988 National Health 
Interview Survey found that poor children received one fourth the number of office 
visits for asthma of the same severity as non-poor children, in addition to being one half 
as likely to have received appropriate preventative or primary care (Shapiro, 2002).  In 
addition, research shows that African-American children in East Harlem are more likely 
to use the emergency department for medical care instead of a regular physician, and 
are less likely to use prescribed anti-inflammatory drugs for asthma (Diaz et al, 2000).  
This combined with language barriers, belief systems at odds with modern medical 
practice, and possible genetic susceptibility lead to extremely high risk rates (Shapiro 
and Stout, 2002). 
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GIS, Spatial Data Analysis, and Environmental Justice   
 A number of studies have utilized GIS, spatial analysis, and statistics to make 
connections between air pollution and health.  Juliana Maantay, a professor at Lehman 
College in New York City, has worked with asthma hospitalization and air pollution in the 
Bronx, where environmental justice issues are particularly important.  Maantay cautions 
against the limitations of spatial data analysis and the necessity of understanding the 
impact that the spatial element can play in analysis of data.  Because spatial health and 
pollution is not randomly distributed, it is necessary to perform statistical tests specific 
to spatial analysis (such as Getis-Ord I and Hotspot Analysis, Ripley’s K Function) in order 
to determine significance (Fisher et al, 2005).  In addition, it is important to make sure 
that aggregation areas (such as Census tracts)make sense in relation to the studied 
geographic area so as not to skew or misrepresent the data (Maantay, 2007).   
 The problem of lack of data is not specific to New York City.  A number of studies 
have used community participation in data collection in order to mobilize awareness of 
air pollution issues, including a community-based GIS analysis in Roxbury, MA (Levy, 
2001) and a community-based study using hand-held particulate monitors at 
intersections in Harlem (Kinney, 2000).  These studies provide a positive example of 
community members coming together  with experts in order to facilitate both 
participatory learning and serious scientific discussion, which yield results that are 
germane to both laypeople and the scientific community.  Jason Coburn (2006) 
performed a similar study in Greenpoint, Brooklyn, which compared on-the-ground air 
pollution data collection with a number of different options for large-scale air pollution 
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modeling.  It may be of note that particulate matter in the European Union is "assumed 
to be responsible for at least a fraction of the illness observed in polluted areas"; 
therefore, any reduction in pollution will equal a reduction in health effects (Davidson, 
2005).  This does not appear to be the method instituted in the US, for better or for 
worse.   
 Low-income and minority communities are more likely to bear the burden of 
environmental health effects (Maantay, 2002; Fisher et al, 2005).  Maantay (2007 and 
2003), Coburn (2006) and others have done extensive research to indicate that “at-risk” 
communities are subject to greater health risks and are more likely to reside near 
pollution sources.  This thesis replicates and builds on methods used by these 
researchers, and outlines a method for community groups to do similar data collection 
in order to raise awareness of air pollution issues and use data for planning and policy 
change.  
 In New York City, zoning laws, planning, and policy changes have played a large 
part in determining where pollution sources, whether stationary or mobile, are located 
(Maantay, 2002; Willis and Keller, 2007).  Regardless of whether at-risk communities 
were located in these areas before the pollution source arrived or after, the question 
posed by the data in this study and in the literature must be centered around what 
future planners can do in order to reduce this disproportionate health burden, the focus 
must also be on reducing pollution levels while not sacrificing economic viability, and on 
not outsourcing pollution to other places.   
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 It is often suggested that areas of low socio-economic status (SES) are subject to 
more environmental burdens that high SES areas.  This idea is supported by the 
literature.  However, Lipfert (2004) suggests that the relationship may be more 
reciprocal than is often thought – poverty can also cause greater pollution.  Low SES can 
cause people to build and live in substandard housing which either itself produces 
pollutants or allows them to enter the living area through shoddy building, to drive cars 
and rely on appliances that are inefficient and excessively polluting, and eat food that is 
produced in environmental unfriendly ways and causes medical issues, thus causing 
them to seek medical help only when problems become sufficiently grave due to their 
lack of insurance and preventive care.  In addition, the poor often bear the burden of 
increasing prices due to environmental regulations, which encourages illicit behavior in 
order to get around the regulations.  Due to the incredible density of housing in 
Manhattan, all who live here share somewhat the same burden when it comes to air 
pollution.  However, this research aims to show that there are spatial variations even 
within small land areas, and that the practice of aggregating air pollution and health 
data, while implementing city- or nation- wide regulations, is a "double strike" against 
low income and minority communities such as Harlem.   
 Common sense would indicate that living close to high-use roadways would be 
detrimental to health, and a review of the literature supports this.  A study by Hoek et al 
(2002) indicates that living near major roads was strongly associated with heart disease 
and death, and McLellan (2002) cites multiple studies suggesting an association 
between combustion-related sources (i.e., vehicle engines) and "excess mortality".  Zhu 
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(2002) found that PM concentrations remain elevated for up to 300m away from a 
roadway under the correct road conditions.  This would put the vast majority of 
residences in NYC within range of at least one major pollution source.   
 
Planning and Policy 
The movement of information between scientists who collect raw data and 
planners and policymakers who synthesize data into action-oriented legislation and 
community improvement is often very tenuous.  As stated in a review of particulate    
matter and health by Davidson et al, and in a study by Jerrett et al: 
 
For the most part, research results are reported in scientific publications and     
 conferences for each community separately.  Over the years, there has been 
 little effort to integrate information from these diverse groups in a substantive 
 way. (p. 737, 2005) 
 
Problems with exposure assessment and subsequent uncertainly about statistical 
 results of justice studies have hindered policymakers in their attempts to 
 formulate an appropriate response to what many perceive as an important 
 public health issue. (p. 956, 2001) 
 
 
This disconnect and fear of exposure misclassification contributes to a lack of    
policy response to seminal research.  In socioeconomically depressed areas such as 
Harlem, the effect is exacerbated by the lack of advocacy and involvement of local 
citizen groups.  As one of the poorest areas of Manhattan, Harlem residents do not have 
access to the funding and political power that other areas of the city do, and are 
therefore subject to a number of environmental justice issues.   
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From a historical standpoint, environmental injustice in NYC has been closely 
linked to zoning policies.  NYC was the first city in the US to adopt comprehensive zoning 
ordinances in 1916, with the purpose of protecting property values by regulating where 
certain categories of land use could be located.  Original zoning divided land into three 
categories – commercial, residential, and unrestricted.  Unrestricted zones could contain 
any land use, and often became areas where industry and noxious land use was located 
side-by-side with residential areas.  When NYC overhauled its zoning system in 1961, the 
“unrestricted” category was replaced with the “manufacturing” category, but these 
zones often already contained large residential populations which, contrary to 
expectations, did not decrease over time (Maantay, 2001).  Residential areas in 
manufacturing zones were not and still are not afforded the same protections as areas 
zoned officially residential, and residents of these areas have been and continue to be 
subject to greater environmental burdens.   
 Because of NYC’s historical status as an important port city, much of the 
industrial and manufacturing areas were originally located along the waterways, with 
residential areas for workers located within walking distance.  When port-based 
industries began to die out or leave the city, these areas were left open for such uses as 
waste disposal and transportation industry or were incorporated into urban renewal 
schemes, which often placed large public housing or highway projects in areas close by 
industrial or contaminated sites (Maantay, 2001).  Zoning law, although originally 
intended to protect, can be equally exclusionary.  Rezoning projects in NYC tend to 
include manufacturing land uses in minority and low-income areas, while more affluent 
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neighborhoods are zoned residential and commercial (Manntay, 2001).  This only 
increases the likelihood of health problems for populations already at significant risk, as 
disallowing a polluting industry in a certain part of the city generally means that it will 
be allowed in another part.   
  This is not to say that badly polluted areas are in their current state solely 
because of zoning practices.  Socioeconomic indicators are also related to air pollution 
(Jerrett et al, 2008).  Educational attainment, average income, unemployment rates, 
proportion young and old residents, rates of cigarette use, distance to the nearest 
hospital, and mean age of death are all correlated to a certain extent with air pollution; 
in addition, areas with these characteristics tend to show a higher association between 
air pollution and mortality.   
 There is no question that some aspects of this problem require bottom-up 
changes in the form of healthier lifestyles, better access to medical care and education, 
and a willingness on the part of the community to implement changes.  But these 
changes are difficult and long-term, whereas planners and policymakers can use 
scientific data to make the case that top-down changes, in the form of regulation and 
policy, should be made now in order to jumpstart the process.  After all, it is not just 
Harlem that suffers from the effects of air pollution – the entire landmass of New York 
City is just 300 square miles, and air pollutants have very few boundaries.   
 Recommended policy changes can be found in the literature, although they are 
far and few between.  Jerrett et al (2008) propose regulatory targeting of pollution 
control policies in known socioeconomically depressed areas, but recognize that these 
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groups often have little political power and are up against powerful companies that 
resist environmental controls and targeted policies.  Jerrett et al (2001) also suggest that 
governments may “want to rethink their monitoring strategies”, i.e., the current trend 
towards fewer high-end monitors over an area should be changed to include a greater 
number of low-end monitors in order to get better data on a finer scale.  Coburn (2007) 
discusses interpolation models in his study of Greenpoint, Brooklyn, as a possible 
workaround for the lack of monitoring devices, which can be expensive.)  But Jerret et al 
succinctly sum it up by viewing the problems faced by communities such as Harlem as a 
sort of “triple jeopardy”: 
 "…first, increased risks from social and behavioural determinants of health; 
 second, higher risks from high ambient pollution exposure; and, third, an effect 
 modification that makes exposure to ambient pollutants exert 
 disproportionately large health effects on them compared with advantaged 
 groups.  The implications of this hypothesis for government policy are 
 considerable.  If the ‘triple jeopardy’ hypothesis survives further empirical 
 testing, it suggests that the largest health benefits would accrue not from simply 
 reducing ambient exposures to air pollutants, but also reducing pollution in areas 
 where it is worst and where social deprivation is largest." (Jerrett et al, 2001) 
 
Conclusions 
 A review of the existing literature indicates that sufficient research has been 
done to prove the importance of monitoring particulate levels, especially at the sub-2.5 
micrometer level, in relation to health outcomes.  The inhalation of particulate matter 
has been linked to a number of serious health problems centered around the 
cardiopulmonary and respiratory systems, and disproportionately affecting children, the 
elderly, and at-risk populations.  GIS, spatial analysis, and spatial statistics have been 
used both at the community and city-wide level to suggest a significant relationship 
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between particulate matter and health, as well as between particulate matter and the 
























 The methods for this study were based primarily on three similar studies 
involving GIS, particulate matter, and environmental justice (Maantay, 2007; Kinney et 
al, 2000; Levy et al, 2001).  Maantay's research, which focuses on asthma in the Bronx, 
utilizes databases of known polluters (TRI and SPS sites, truck routes) and address-level 
data on asthma hospitalizations to attempt to statistically correlate health outcomes 
with polluting land uses.  Kinney et al's study of PM2.5 and diesel exhaust on Harlem 
street corners uses stationary hand-held monitors and vehicle counts to correlate traffic 
with higher PM concentrations, and by extension, negative health outcomes.  Levy et 
al's research used mobile hand-held monitors and site characteristics to demonstrate 
that pertinent and significant data could be gathered in small-scale monitoring projects 
and synthesized into recommendations for local community groups.  McClellan (2002) 
states "By and large, measurements made from community monitors, perhaps a single 
monitor or even a few monitors for very large cities, are used as surrogates to represent 
personal exposure to PM in epidemiologic studies.  To date, it has not been feasible to 
conduct large scale epidemiologic studies."  This statement underlines the fact that PM 
monitoring cannot be done by a just a few monitors spread over a whole city, if 
researchers wish to make significant statements about pollution in relation to health. 
 The above studies were important in designing my own research methods 
because they demonstrate that small-scale, handheld monitor-based data can be 
gathered quickly and accurately, and that GIS can be effectively used to correlate health 
and socioeconomic characteristics with environmental data.  Because my proposal 
27 
 
includes the future use of community-based groups for further research and advocacy, 
it is important to demonstrate that data collection and analysis is not difficult and has 
been replicated multiple times, suggesting that partnerships between community 
groups and local universities could benefit all involved.   
 The main problem facing researchers attempting to make connections between 
air pollution and health is the lack of data.  As discussed above, the presence of only 
three stationary monitors on Manhattan does not provide a sufficiently detailed spatial 
picture; in addition, existing monitors and short-term projects often locate apparatus on 
top of buildings, which does not capture the on-street environment to which New 
Yorkers are constantly subject to.  Delfino (2005) states "The main limitation of most 
epidemiologic studies is exposure misclassification from dependence on central site 
rather than on personal or microenvironmental exposure data."  In New York, where 
varying land uses are tightly packed together over a small area, it is particularly 
important to address this problem by obtaining "microenvironmental" exposure data as 
suggested.   
 Another problem is the availability of accurate and viable health data.  Address-
level health data, as used in the Maantay (2007) study, is strictly protected by 
confidentiality agreements and difficult to obtain except at aggregated levels.  The same 
is true for socioeconomic data gleaned from the census, which aggregates to various 
geographic levels.   
 Although the Maantay study (2007) did utilize address-level health data, it relied 
on the locations of certain assumed polluters as a proxy for air pollution and did not use 
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actual street-level data.  The Levy et al (2001) and Kinney et al (2000) studies collected 
on-the-ground data, but did not attempt to statistically link these results to health data; 
in addition, they did not fully utilize the spatial statistics capabilities of GIS.  In designing 
this study, I attempted to synthesize the approaches used in these studies, as well as 
analysis methods gleaned from a wider review of the literature, in order to include 
hand-collected air pollution data and health and socioeconomic data in a way that 
would make feasible future community-based studies leading to planning and policy 
efforts to mitigate air pollution in Harlem.   
 
Data Acquisition  
 Because the health effects of PM are based on any one person's 
microenvironment and the sources of pollution they encounter on a daily basis, an ideal 
study attempting to link PM to health effects would involve time-series cohort datasets 
wherein subjects wore PM monitors 24 hours a day while recording their exact 
whereabouts.  Thus far, an ambitious study such as this has not been conducted.  The 
next best thing would be to have air pollution monitors situated at very close intervals 
all over the city (such as at each intersection).  The cost of such a network would be 
great.  Jerrett et al (2001) analyzed data from the city of Hamilton, Ontario, where a 
network of 23 TSP monitors (total suspended particulates, a precursor to PM-reading 
monitors) were in use from 1986 to 1996, when funding was cut.  Because the city of 
Hamilton is industrial in nature but also contains large residential populations that are 
somewhat segregated in terms of race and income, it provided a near-perfect 
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opportunity to study air pollution in the context of environmental justice.  A similar 
study would be ideal for Harlem.  Lacking this type of data and the financial means to 
put up such a network of sensors, I created one monitoring station which could fit in a 
milk crate on the back of my bicycle.  For a period of two weeks, I rode a ten-mile 
transect and recorded data during each approximately 80-minute ride. 
 Before doing the bike transects, my advisor Prof. Wade McGillis of Lamont 
Doherty Earth Observatory at Columbia University, and his PhD student Philip Orton, 
tested the two PM monitors against each other to make sure that their readings were 
sufficiently similar.  This was done by securing them across from each other on a vent 
tube on top of a building at W 118th St. and Broadway, next to the Columbia campus.  
We collected data readings every second for four days in order to make this 
comparison.  We also compared the CO monitors to make sure that they were reading 
similarly.  Because two CO monitors were available, I decided to put both of them on 
the transects in order to be more sure of results.   
 A number of instruments were necessary in order to collect the street-level air 
pollution data.  I obtained these instruments on loan from Prof. McGillis.  For PM, Prof. 
McGillis loaned me two MetOne Aerocet-212 Eight Channel Particle Counters.  This 
instrument provides raw counts of particulates in eight size classes (referred to as "bins" 
in this study) ranging from 0.3 microns (PM0.3) to 10 microns (PM10).  It also measures 
temperature, flow rate, and time at user-specified intervals from 1 to 60 seconds.  One 
of the monitors I used was powered with a wall plug (AC power) and one was powered 
with a battery, allowing me to power it remotely during transects.  The device is 
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approximately 4" x 7.5" x 12" and weighs three pounds.  The cost, size, and need for an 
outside power source could make this model prohibitive for future community group-
based projects, however, it is more accurate and provides more data then hand-held 
models, and is therefore a good choice for initial research.   
 
Fig. 1: MetOne Aerocet-212 Particle Counter 
 The Aerocet particle counter does not contain any internal data storage, so an 
ALPS recording instrument was used to collect data while on the transect.  The ALPS was 
custom-made for Prof. McGillis and allows multiple instruments to input data at the 
same time; the data is recorded on a compact flash card which can be removed and 
read to a computer.  The ALPS time stamps all data so that it can be matched up to non-





Figure 2: Fathom Research ALPS Data Logger 
 Two handheld GPS units (Garmin GPS 60 and Garmin eTrex) were used to collect 
geographic data with timestamps, which was matched up to ALPS timestamps and the 
PM data.  Two freestanding CO monitors (Hobo Carbon Monoxide Monitor Model H11-
001 by Onset Computer Corporation) were also deployed on all transects.  A 12-volt 
battery powered the ALPS and PM monitor; the GPS's and CO monitors used internal 
batteries.   
 Because the battery and ALPS needed to be protected from the elements, they 
were placed in a plastic box.  All equipment (PM monitor, ALPS, battery, two GPS units, 
and two CO units) was secured using hose clamps and foam (to protect the fragile PM 
monitor) to a milk crate.  The milk crate was secured to my bike with a cargo strap and 
zip ties, and was removed from the bike after each transect.   
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Figure 3: All Equipment in Milk Crate; Deployed Equipment during Transect 
 Although two weeks were allotted for collection of data, only seven of these 
fourteen days yielded usable results.  The data collection method, which has not been 
employed in any known study up to this point, was created solely for this project and 
although problems were fixed as they arose, they were often not discovered until it was 
too late because I was not able to check the status of data collection during the transect 
itself.  Because the ALPS only writes to the card every hour, if anything happened to the 
equipment (i.e., if power was lost), all data for the preceding hour would be lost as well.  
Power turned out to be a major issue because the bumpy nature of NYC roads 
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sometimes caused leads to become disconnected; in one case, the leads became 
crossed and caused a small electrical melt-down while I was riding.  I also had problems 
positioning the GPS units such that they received a constant signal for the whole 
transect; if they lost their signal, they would turn off, giving me no data until I figured 
this out and turned them back on.  Because I was attempting to keep as constant a 
speed as possible during the transect, it was not possible to stop and check the 
equipment all the time although the sound of the motor on the particulate monitor 
allowed me to hear whether it was on while I was biking.  I did not collect data on days 
when it was raining (of which there was only one during my study period) because the 
water particles in the air would have masked any ambient pollution particulates.  I 
attempted to complete transects at approximately the same time each day.  I began 
collecting data in 5-second intervals for both the PM monitor and GPS units.  After 
realizing that the matching of data between the two instruments would be much easier 
if I had a data point for each second, I switched to 1-second collection intervals for both.   
 The time of year and time of day during which data collection took place were 
somewhat arbitrary; I collected data during the month in which the monitors were 
available to me, and chose to do my transects during the morning because this 
conflicted the least with my schedule and would therefore allow me to have most 
transects done at the same time of day.  This is important because PM tends to 
fluctuate throughout the day and night with the habits of people.  Although PM also 
fluctuates greatly with weather, I was lucky to have very similar weather conditions 
(cold, wind blowing from the NE, clear) during my entire data collection, with the 
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exception of one rainy day.  Ultrafine particles, which are of particular interest, have 
been found to occur in greater quantities in the winter, when cold, dirty air can get 
trapped near the ground (Davidson et al, 2005; Harrison and Yin, 2000).   
 The reason I chose to do mobile street-level data collection instead of stationary 
roof-top data collection is because of the status of street life in Harlem.  As was 
recognized in Kinney et al's 2000 study of PM in Harlem, "[sidewalks] serve both as 
pathways for pedestrian movements and as areas of play and recreation for children of 
many ages.  They also are an important locus for congregation and interaction among 
adults, including the elderly."  As a resident of Harlem myself, I can attest to the very 
active street life and culture in the area; many social events take place within twenty 
feet of truck routes on which high numbers of diesel trucks travel (Kinney, 2000).  
Ultrafine particles have been found to be extremely responsive to local sources and 
spatially variable on a small spatial scale (Harrison and Yin, 2000).   
 The route of the transect was based on a number of contributing factors.  First, I 
examined maps I created showing the location of TRI sites, SPS (stationary point source) 
sites, and truck routes in the area because I wished to bike near these facilities in order 
to spatially correlate pollution levels with their location.  Second, I examined an NYC 
bike map to determine which roads were one-way.  Third, I took into account my 
starting location (my apartment, at W 155th St. and Broadway), and the location of 




Fig. 4: The study route and surrounding environment 
 The area is mostly residential, consisting of smaller walk-up buildings in the 
central area and larger elevator buildings, including a number of housing projects, 
around the perimeter.  The area also contains City College of New York (the blue area in 
the center), Riverbank and Jackie Robinson Park, many schools and churches, and an 
industrial/manufacturing area at the South-Western corner, which includes a major bus 




Figure 5: Land use in the study area 
 
Data Processing 
 After each transect, GPS data was immediately downloaded using the Minnesota 
Department of Natural Resources Garmin software (http://www.dnr.state.mn.us/mis/ 
gis/tools/arcview/extensions/DNRGarmin/DNRGarmin.html), which allowed me to 
receive data in comma-delimited form for each point, along with a UTC and local time 
stamp, as well as directly exporting data to ArcGIS point and polyline shapefiles.  
Although I downloaded data from both GPS units, I only used data from the Garmin GPS 
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60 because it consistently recorded my route more accurately.  Data from the PM 
monitor was downloaded using a Compact Flash USB card reader, and transferred from 
comma-delimited format to Microsoft Excel.  Data from the CO monitors was 
downloaded using the proprietary software Boxcar and transferred to Excel.   
 Although PM data was collected properly during the first two transects, I was still 
having trouble getting the GPS to record enough points on which to match data during 
this time.  Since I did not want to throw out the PM data for these transects, I 
interpolated a track for these two transects by making a line out of a complete track 
taken at a later date, then dividing that line into equally spaced points of the same 
number as the number of PM data points for each day.  Although this is slightly 
inaccurate because it does not take into account variations in my speed while biking, the 
number of points (~1000) lessens the error.  For each PM data point (which were being 
recorded at 5-second intervals during these transects), I assigned a "Match ID", 
beginning with "1" for the first data point, which I calculated by looking at the time-
stamped GPS data, finding the time of the first coordinate taken while I was moving, 
then interpolating which particulate monitor data point corresponded to this point.  The 
particulate monitor did not time-stamp each individual record, but instead named each 
one-hour file by its time and gave each record a value corresponding to the number of 
seconds that had passed since the beginning of the file.  I also assigned a "Match ID" for 
each of the interpolated points along the transect, beginning with “1” for the first point 
taken while I was moving.  I then did a join in ArcGIS based on Match ID and was able to 
output geographic coordinates for each of my PM measurements.   
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 After I switched to 1-second measurements on the GPS, I used a different 
method to match the air pollution data.  The GPS never produced a track which had 
every point for every second, because it would occasionally lose reception.  I imported 
the GPS points into Excel, transformed the time stamp from time format (xx:xx:xx) into 
total seconds, then created a formula that allowed me to tell which points were not 
consecutive (i.e., where I was missing a point).  I then imported the spreadsheet into 
ArcGIS and manually placed missing points, so that there existed a point for every 
second.  I created a match ID beginning with “1” for the first point recorded while 
moving for the PM data and the GPS points respectively, and matched on this.   
 
Interpolation of Data 
 In order to interpolate a continuous surface across the study area using only the 
data points I collected on my transects, I used the Geostatistical Analyst extension in 
ArcGIS, which uses geostatistical techniques which estimate surfaces based on weight 
and distance in order to produce an interpolated continuous surface.  I used 
Geostatistical Analyst instead of Statistical Analyst because the former offers greater 
options in fitting models and allows the user to preview the surface and see the error 
coefficients before producing the map.  In order to determine what type of interpolation 
model to use, I first examined the data using a number of tools including histogram 
analysis, QQPlots, trend analysis, and semivariograms and covariance clouds.   As 
suggested by Jerrett (2001), I selected universal kriging instead of ordinary kriging 
because this method takes into account spatial trends when interpolating; due to the 
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fact that winds were fairly constant during the transects, I expected that some 
directional trend would be present.  Data was log-transformed because of its 
skewedness.  Each model, for each day and each bin, was fit manually as a prediction 
map using universal kriging, with log transformation, ~50% local/global detrending, the 
K-Bessel semivariogram model, and a standard searching neighborhood of fifteen 
neighbors (at least five included) in eight sectors.  The K-Bessel (also known as Matern) 
model was selected because it produced smoother local surfaces and is preferred in the 
literature (Kriging with ArcGIS 2006).  All variables not mentioned here were calculated 
with the ArcGIS default parameters.  The maps were symbolized using fifteen classes 
with the geometric mean method (as per Jerrett, 2001) and exported to .tiff.   
 Using the raster calculator in the Spatial Analyst Toolbox in ArcGIS, I combined 
the resulting raster surfaces for each bin size by giving the interpolated surface for each 
day equal weight.  The resulting surface essentially represents a value which has been 
averaged over seven days, for each cell in the raster grid.  In order to make the raster 
layer applicable to the polygon census and health data, I used the Int function in the 3D 
Analyst Toolbox to convert the composite layer from a floating raster to an integer 
raster.  This allowed me to use the Convert Raster to Features tool in the Spatial Analyst 
Toolbox to create a layer which was made up of small polygons, aggregated by same cell 
values, which was necessary in order to do a spatial join to other polygon layers.   
 Using a spatial join, I computed the average value for each of the PM size bin 
classes within each census tract and census block.  The resulting polygon layers (census 
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tract and census block) contained one value, averaged over seven days and over the 
given geographic area, for each census block and tract. 
 
Socio-economic and Health Data 
 A review of the literature suggests a number of possible social and economic 
variables to use when researching environmental justice issues.  Jerrett (2001) used 
education status as a variable because of an "expectation that persons of lower 
educational status may misperceive the health risks from pollution more than highly 
educated individuals", and dwelling value, because past research suggests that it is a 
"proxy for permanent or lifetime income" and therefore an indication of possible 
pollution exposure.  I chose to use the following variables for my analysis, normalized by 
total population: race (Black, white, Asian, Hispanic), age (under 21 and over 65), 
education (no schooling, only elementary education, only high school education, 
bachelors degree), unemployment, and poverty.  I also extracted the data for median 
house value, although this was only given in some of the records.  The data was found in 
the 2000 US Census, which is the most recent data source with information given at a 
fine enough geographic level.  Because my study site is relatively small, I chose to use 
census block groups instead of census tracts as my unit of analysis.   
After these variables were mined from the American Fact Finder website, they 
were joined based on census tract ID to the census tract shapefile.  Because I was not 
able to obtain address-level health data as Maantay was, I relied on the Infoshare 
website for 2006 data for the total count of cancer-, respiratory-, and cardiopulmonary-
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related hospital admissions.  Although hospitalizations do not represent the total 
number of people suffering from PM-related illnesses, it has been shown that residents 
of Harlem tend to use emergency services more than preventative care (often due to 
the lack of insurance), so hospital visits is a particularly good proxy for health in this 
neighborhood (Maantay, 2007).  The data was given by ICD9 code.  I chose the following 
sample of codes for the purposes of this study: 162 (Malignant neoplasm of trachea, 
bronchus, and lung), 164 (Malignant neoplasm of heart), 165 (Malignant neoplasm of 
other respiratory organs), 410 (Acute myocardial infarction – heart attack), 411 
(Ischemic hearth disease), 413 (Angina pectoris), 414 (Other forms of chronic heart 
disease), 415 (Acute pulmonary heart disease), 416 (Chronic pulmonary heart disease), 
417 (Other diseases of pulmonary circulation), 461 (Acute sinusitis), 465 (Acute upper 
respiratory infections), 466 (Acute bronchitis), 473 (Chronic sinusitis), 478 (Other upper 
respiratory diseases), 491 (Chronic bronchitis), 493 (Asthma), 518 (Other diseases of the 
lung), 519 (Other diseases of the respiratory system), 785 (Symptoms involving 
cardiovascular system), and 786 (Symptoms involving respiratory system and chest).  I 
aggregated these categories into “cancer” (162, 164, and 165), “heart disease” (411, 
413, 414, 415, 416, and 417), “heart attack” (410), “respiratory ailments” (461, 465, 466, 
473, 478, 491, 519), “asthma” (493), and “symptoms” (785 and 786).  This data was 
given at census tract level.  
 In order to match social and health variables to air pollution data, it was 
necessary to create a centroid for each census tract and census block, which was done 
using the Polygons to Centroids tool in Xtools in ArcGIS.  Although this method allows 
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for some error and possible exposure misclassification due to the fact that population is 
not consistent across geography (Fisher et al, 2006), it provided the most accurate 
analysis method for the data I had, and was the method used by Jerrett (2001).  I did a 
spatial join between the census block and census tract layers and the social and health 
variables respectively, which created two centroid layers with both air pollution data 
and study variables.  I joined the centroids back to the polygons for analysis. 
 
TRI, SPS, and Truck Route Data 
 Maantay (2001, 2007) used three types of land use as proxies for air pollution in 
her research on asthma in the Bronx.  Toxic Release Inventory (TRI) sites are those 
facilities that are required to report to the EPA because they emit, store, or generate 
more than 10 tons of chemicals each year (EPA, 2008).  This data is publicly available.  
Maantay's research indicated that asthma was worse within a 1/2 mile buffer around 
TRI sites.  Stationary Point Source (SPS) sites are smaller emitters that report to the EPA; 
these can include such facilities as auto shops, hospitals, apartment boilers, dry 
cleaners, etc. (Maantay, 2007).  Areas within a 1/4 mile buffer appeared to have greater 
rates of asthma hospitalizations in Maantay's research.  Limited access highways and 
truck routes were the final land use identified by Maantay as being significant indicators 
for asthma, and the buffer used for highways was 150 meters.   
 The study area contains numerous SPS sites and two TRI sites (as well as being in 
buffer distance of two more TRI sites in the Bronx).  Because the Bronx provides the only 
mainland connection for goods coming into Manhattan, truck routes run through the 
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Bronx then into Manhattan and Harlem.  Many of them are in the study area.  In order 
to display the location of these assumed polluting land uses, I mined the addresses of 
TRI and SPS sites from the EPA website and geocoded them.  I was able to get the truck 
route layer from James Quinn at the School for International and Public Affairs at 
Columbia University.  Buffers corresponding to the areas used in the Maantay study 
were created around each of the three categories of land use.   
 In order to determine whether land areas inside of TRI, SPS, and truck route 
buffers exhibited significantly higher PM readings, I calculated the area and proportion 
of land covered by a buffer for each of the three types, for both the census tract and 
block layers.  The resulting layers contained PM data, census variables, and polluting 
land use proportions (census block layer) and PM data, health variables, and polluting 














 Data was collected over a period of fourteen days in November, 2008.  Only 
seven of those days yielded data that could be used in analysis due to weather and 
instrument malfunction/power source problems during some of the transects.  A 
summary of each useable bike transect  is below. 
 
 
Day of the 










Interval Other Problems 
Track 
1 Tuesday 10:16 AM 8.1 C NNE Interpolated   5 sec  GPS Malfunction 
Track 
2 Wednesday 10:22 AM 5.0 C NNW Interpolated   5 sec  GPS Malfunction 
Track 








5 Saturday 4:36 PM 1.6 C NW Interpolated   1 sec   
Track 








Figure 6: Summary of Bike Tracks with Useable Data 
 
 After I created an average composite of each bin size (discussed below) I used 
STATA to compile basic descriptive statistics, a histogram, and a box plot of each bin 
size.  These figures can be found in the appendix.   
The basic statistics indicate that PM counts are fairly constant across tracks, but 
that outliers are much more likely to occur in the higher count ranges than the lower 
ranges.  The larger the particle, the smaller the count.  Ultrafine particles showed a 
higher variability in count and all bin sizes were highly skewed towards the left-hand 
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side of the histograms, indicating that particle counts are likely to have very short but 
























 Each of the size bins of particulate matter for each day were fitted to a 
geostatistical K-Bessel model using Universal Kriging.  The resulting raster surfaces were 
grouped by day, and then by size class.  Each of the kriged surfaces can be found in the 
appendix.   
 Larger particles tended to be less smoothly disturbed than smaller particles, and 
increased concentrations were often observed near the South-Eastern corner of the 
track.  Smaller particles, when present, tended to be distributed farther and more 
evenly over the study area.  This may only be a remnant of the interpolation method, 
however, because while particle counts of bin 0.3 micrometers were in the range of tens 
of thousands, counts of bin 10 micrometer (PM10) were usually between 1 and 20, and 
frequently were zero.  This is particularly interesting in the urban context, because until 
2002 the EPA did not regulate any PM except for PM10.  These regulations caused 
engine manufacturers and others to lessen PM10 mass, while inadvertently increasing 
the mass of smaller particles.  The EPA now regulates PM2.5; counts of PM2.5 in this 
study rarely rose about 100.  Although ultrafine particles (<1 micrometer) are tiny, they 
have a larger surface area per mass, and are therefore the most dangerous to health.  
However, these results suggest that ultrafine particles are also highly mobile, diffuse 
across space easily, and may prove hard to find the source of.   
 Interpolation surfaces for each day show that a certain bin size is usually similar 
to the bin sizes directly larger and smaller.  Interestingly, high concentrations of 
ultrafine particulates were usually not in the same place as high concentrations of 
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coarser particulates.  This would indicate that either ultrafine and coarse particulates 
are being emitted by different sources (and not by the same ones), or that ultrafine 
particulates disperse much farther and quicker than coarse particulates.  The literature 
confirms that the latter principle is true (Zhu, 2002), but it is unclear what the 
implications of this phenomenon are for urban health and regulation.  Since ultrafine 
particulates are suspended in the air for much longer than coarse particulates, their 
sources could be much farther away than the study area.  They would also be quicker to 
disperse with new wind patterns.  These characteristics of ultrafine particulates make 
them much more difficult to regulate and mitigate than the particulates that have 
already been, somewhat successfully, regulated.    
 Short-term spikes in particulates of all sizes appear in the interpolated surfaces.  
It is unclear what effect these momentary spikes have on the overall analysis.  The 
expected source of these spikes is car exhaust.  The method of data collection was, by 
nature, subject to these spikes because of the street-level location of the recording 
equipment.  Some of the spikes were quite large – for example, a spike near 125th St. 
and Broadway during Track 7 produced PM counts of all sizes that were up to five orders 
of magnitude more than the surrounding readings.  Existing recording equipment 
located on NYC rooftops may even out these spikes because of its height; the results will 
appear to be much smoother.  It is my opinion that the recorded spikes are not a 
detriment to the research plan; in fact, I believe they suggest an important aspect of air 
pollution in NYC that has not been adequately dealt with.  Kinney et al (2000) provide 
evidence that increased vehicle traffic is correlated with increased PM, which is to be 
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expected, but do not tackle momentary highs in street-side PM.  The EPA regulates PM 
in the form of micrograms per cubic meter per averaging time – 24 hours and annually.  
The EPA recommends that the 24-hour standard, which for PM2.5 is about twice as 
much as the annual standard, not be exceeded more than once per year (EPA, 2008).  
Although my research provides counts of particulates and not mass, the magnitude of 
the spikes seen when monitoring PM next to cars is obviously very significant.  New York 
is a walking city but also a city full of cars and taxis; in Harlem in particular, where the 
street is so much a part of the social scene, the fact that momentary spikes in PM 
concentrations yield such high counts (while still technically staying within allowed EPA 
averages), is troubling and suggests, as mentioned in the literature review, that 
averaging times should be less than 24-hours.   
 Although qualitative analysis of each PM size bin did not show a clear spatial 
trend across days, I decided to create a composite raster for each bin which presents 
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Figure 7: Composite Interpolated Surfaces by Bin Size 
 All size classes appear to have high average concentrations of particulates in the 
South-Eastern corner of the study area (around Lenox Avenue and the 130's).  The 
smaller size particles (PM1 and smaller) seem to have high concentrations in the 
Northern part of the transect, while larger particles show an additional area of 
concentration around Broadway and the 140's.  Localized incidences of high 
concentration appear along the study route, suggesting that street-level PM conditions 
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are extremely spatially variable.  Different sizes of particulates do not necessarily exhibit 
high concentrations in the same place at the same time.  A collection of localized high 
concentrations exists around the area of the 125th St. bus depot.  
 In order to match these results to census and health data, I converted the 
composite rasters into polygons, then did a spatial join to compute the average value of 
each PM size bin in each census block and tract in the study area.  Using these values, I 
used the Spatial Analyst Toolbox in ArcGIS to run a statistical test to determine whether 
tested values were significantly clustered - that is, whether values are statistically lower 
or higher than surrounding values.  The score calculated is the Z-score.  This test is used 
because spatial data is often by nature autocorrelated and therefore can't be used with 
normal statistical analysis.  In the Z-score test, values of 1.96 standard deviations or 
more are considered to be significant at the .05 level, and values of 2.68 standard 
deviations or more are considered to be significant at the .01 level.  The results for the 














Figure 8: Hot Spot/Getis Ord G* (Z-score) Results, by Bin Size 
 The results of the Getis Ord G* test indicate that there are census block groups 
in which average values of PM are significantly higher than surrounding areas.  Bin sizes 
do not all have the same hotspots, although the area around Lenox and the 130's 
exhibits statistically higher concentrations of all PM sizes.  The only two census block 
groups which indicate significantly lower concentrations than surrounding areas are 
53 
 
both on located right on the Hudson River.  Although PM5 and PM10 exhibit 
significantly high concentrations around Broadway and 140th St., this test does not 
show significant concentrations around the 125th St. bus depot, which is unexpected.  
The locations of hot spots also do not seem to correspond to the location of known TRI 
or SPS sources. Lenox and Broadway are both truck routes, but concentrations do not 
extend the length of these roads.   
 In order to get an idea of the socio-economic and health characteristics of the 
area, I created chloropleth maps of each of the variables selected, normalized by total 



















 The maps show some general trends about the study area.  Educational 
attainment is varied, but in some block groups, up to 16% of the residents have no 
education.  Residents on the Eastern side of the study area are more likely to only have 
a high school education than residents on the Western side.  Unemployment does not 
show a clear spatial trend, but rates are high across the study area (up to 48%).  Race is 
clearly defined spatially, with the Black population predominantly living on the Eastern 
side of the study area and Hispanic and White populations predominantly living on the 
Western side.   
 Because health data was only available at the census tract level, a separate 
analysis was done for these variables.  Below are maps showing hospitalization counts 

















 Asthma, cancer, and symptom hospitalization appears to be slightly higher on 
the Eastern side of the study area, while heart disease, heart attack, and respiratory 
illness hospitalization does not appear to exhibit a spatial trend.  It is alarming to note 
that nearly 2% of the population has been hospitalized for asthma or heart disease in 
some census tracts in the study area.  The cause of the underlying disease may be in 
part caused by air pollution, but the hospitalization rate speaks to the propensity of 
residents to wait until symptoms are extremely serious before seeking medical 
attention, due to lack of insurance, citizenship, funds, and other reasons.   
 The third set of variables used in analysis were the locations of Toxic Release 
Inventory (TRI) sites, Stationary Point Source (SPS) sites, and truck routes.  After 
geocoding the location of these suspected pollution sources, I used ArcGIS to create 
buffers around each feature which corresponded to the buffers used by Maantay (2007) 
in her study of asthma hospitalizations in the Bronx.  The following map shows these 




Figure 11: TRI, SPS, and Truck Route Buffers in Study Area 
 Most of the land in the study area is covered by at least one type of buffer.  The 
Eastern side of the study area is partially covered by buffers from TRI sites in the Bronx.  
The area between 129th St. and  139th St. near Broadway is covered by four buffers.  In 
order to run correlation tests between the location of these buffers, health, and PM 
data, I calculated the area of each census tract and census block covered by a buffer.  I 
then converted this area into a proportion.  I did not account for multiple buffer 
coverages in analysis, which was calculated for each pollution variable by census tract 
and block.   
 In order to test whether statistically significant correlations exist between street-
level PM data, socio-economic census data, health variables, and polluting land uses, I 
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created two databases, one for census block groups and one for census tracts.  The 
census block group database contained values for all socio-economic variables, 
normalized by population, as well as the proportion of each block group covered by TRI, 
SPS, and truck route buffers.  The census tract database contained values for types of 
hospitalizations normalized by population, as well as the proportion of each tract 
covered by TRI, SPS, and truck route buffers.  I used STATA to run correlations between 
each census block group and tract and the selected variables for each, and determined 
whether they were negatively or positively correlated at the 95% or 99% level by using 
the P-value for each.  For census block groups and census tracts, I ran a regression for 
each of the bins sizes and all of the variables to determine what effect the variables had 
between each other, and what portion of the situation they represent (the R-squared 
value).  Unfortunately, none of the regressions fit well enough to be reported herein.  
Following is an example of the correlation matrix I made for each bin, for both census 
tracts and blockgroups; red squares represent results that are significant at the 0.05 








Figure 12: Example of STATA correlation matrix for Bin 0.3, Block Group Variables 
 






















Bin 0.3   n ** p * n **   n *    n **   n ** 
Bin 0.5 p **                 n ** 
Bin 0.7 p **       p *     n **     
Bin 1 p **           p ** p **     
Bin 2 p **                   
Bin 3                   n * 
Bin 5                 p *   
Bin 10   n **           p *     
 
 p = Positive Correlation 
 n = Negative Correlation 
 * = Correlated at the 0.05 level 
 ** = Correlated at the 0.01 level 
 
Figure 13: STATA Correlation Analysis between Particle Size and Socio-Economic 



























Bin 0.3     p * p * p *   n **     
Bin 0.5     p **       n **   p ** 
Bin 0.7                 n * 
Bin 1             n *     
Bin 2                   
Bin 3 p ** p **               
Bin 5 p * p *           p *   
Bin 10 n *             p **   
 
 p = Positive Correlation 
 n = Negative Correlation 
 * = Correlated at the 0.05 level 
 ** = Correlated at the 0.01 level 
 All health variables refer to hospitalizations of the disease type, normalized by  
 population. 
 
Figure 14: STATA Correlation Analysis between Particle Size and Socio-Economic 
Variables, for Census Tracts 
 
 For socio-economic variables, a positive correlation exists between percent 
poverty and four of the PM size bins.  This is the only one of the socio-economic 
variables that exhibits an arguable statistically significant relationship with PM.  My 
hypothesis on why this is the only variable showing a correlation is that because the 
study area is so small, and NYC so densely populated, variables that are more specific 
than "percent poverty" do not have large enough sample sizes to be statistically 
significant.  As for the race distinctions, the maps above show a clear distinction 
between the spatial location of the Black and Hispanic populations of Harlem.  The Hot 
Spot maps indicate that PM is more prevalent on the Eastern side of the study area, 
suggesting that Blacks in this area may be at greater risk for pollution-related health 
effects, however, this is only verified using the 0.3 micrometer dataset.   
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 For hospitalization data, all of the significantly correlated relationships with PM, 
with the exception of one, were positive.  As expected, the significant correlations 
relating to heart conditions are with ultrafine particulates, and the significant 
correlations relating to respiratory issues and unattributed symptoms are with coarser 
particles.  Interestingly, no significant correlation was found between asthma 
hospitalizations and any of the bin sizes.  All correlations between health data and PM 
data occured in either the ultrafine or coarse particle ranges; this could be because I 
selected health variables specifically for their known relationships with ultrafine or 
coarse particles.  More research may be needed to determine if mid-size particles are 
attributed to certain health problems. 
 For both the census block group and census tract data, it appears that 
particulates are positively correlated with polluting land uses at coarse sizes and 
negatively correlated at ultrafine sizes.  This result may be misleading, however.  The 
probable reason for this finding is that coarse particles are subject to deposition at 
shorter distances from the source site than ultrafine particles, meaning that coarse 
particles are found closer to their sources while ultrafine particles will be carried by air 
currents much farther, and for a much longer time than coarse particles, making it 
difficult to detect their source.   
 The findings of this study suffer from some problems inherent in air pollution 
research and some problems with the research design.  Notoriously difficult to study, air 
pollution proves difficult to link to health problems and environmental justice issues 
because of the transitory nature of particulates.  A variety of confounding variables 
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make modeling of air pollution very complex; in this study, temperature, wind direction 
and force, humidity, and other factors were not heavily taken into account.  Most air 
pollution studies rely on a large time-series dataset to make conclusions - Jerrett et al's 
2002 study of Hamilton, Canada relied on ten years of data from twenty-three 
monitoring stations - these studies allow the effects of seasonality and diurnal variation 
to be taken into account.  The time and expense of maintaining such a network of 
monitoring equipment is beyond the reach of most cities and towns, even NYC. 
 My research relied on a major assumption, which was that the time necessary to 
make one bike track (approximately 80 minutes) was treated as a single point in time.  
The reason this was necessary was because there does not exist a monitoring station on 
every street corner in Harlem, so in order to make statements about spatial 
distributions of PM, a moving station was necessary.  However, the atmospheric 
changes in just 80 minutes could have been enough to have an effect on these results.  
The method of data collection involved a large amount of equipment and a power 
supply; the equipment was subject to fairly rigorous physical conditions during every 
track and frequently one or more parts of the system failed.  It also required some 
amount of training to operate and troubleshoot, which might prove to be a problem in 
future studies utilizing community groups.  These limitations caused me to obtain 
useable data on only 50% of the tracks I biked.   
 Within the analysis, the study suffered from the lack of point-source data for 
both socio-economic and health variables.  Because this data was not available, the 
obtained data was averaged across geographic boundaries (census block group and 
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census tract) which created artificial boundaries of analysis.  An ideal study attempting 
to correlate PM, health, and social variables would consist of a time-series cohort of 
people for whom  health and lifestyle information was known, and who each carried a 
particulate monitor with them at all times.  A study of this kind would be expensive and 
difficult, but much more accurate.  However, there may be a middle-ground solution for 
future research attempting to investigate local air pollution conditions in hopes of 



















 The methods employed in this study, both in terms of data collection and 
analysis, are unique in the field of particulate research and policy.  Although significant 
results were obtained within the limited study period, it is clear that further data 
collection is needed.  The nature of particulates is such that their presence and 
concentration is highly dependent on weather, wind, time of day, and time of year; this 
means that data should be collected year-round in order to make better correlations 
and recommendations.  The method of data collection is time-consuming and effort-
heavy, but currently represents the best method for getting data at multiple points 
nearly simultaneously.  In my opinion, only two other types of data collection would be 
more accurate, and both would require monetary resources that are currently not 
available.  First, a monitoring station could be set up on each street corner in the study 
area.  This would be not only expensive but would require permission for use of street 
space that could be difficult to obtain; it would also require constant maintenance to 
make sure that monitors continued to run properly and were not vandalized.  Second, a 
cohort of residents in the study area could wear personal air monitors (with GPS 
devices) so as to record the particulate conditions at each place the subject visits.  This 
would enable the researcher to determine what proportion of health effects are due to 
indoor particulates versus outdoor particulates.  Barring the implementation of either of 




 With some refinement, the collection apparatus could be modified such that it 
would be easily useable by a community group.  These modifications should include a 
more protective casing for all apparatus, a GPS antenna and mounting, a GPS 
connection to the ALPS, and a console mounted on the front of the bike which can be 
used to tell whether one portion of the system has failed, so it can be fixed mid-
transect.  The system should also be easily transferable between bikes and able to be 
launched without an expert's help.  With these modifications, it would be my 
recommendation that a community group be found which would like to help further the 
interests of the community.  A three-pronged alliance should be formed between 
Columbia, the community group, and planners and policymakers from Harlem who are 
willing to take the results of the study and create policy which can benefit the 
community.   
 Additionally, it is extremely important that the addresses of patients for which 
health data is used be obtained.  This would require considerable time and bureaucratic 
action, but would significantly increase the validity of the results.  As this analysis was 
performed, health data was effectively smoothed over the geographic area at which it 
was reported (census tracts).  Since population is not constant over geographic area, 
this can lead to error in the analysis (Maantay, 2007).  Wind modeling could be used to 
better understand how particulates get from the source to their current location, and 
also whether the bird-fly buffers (such as the circular buffers used in this study) are 
accurate representations of the extent of health effects from sites such as TRIs, SPSs, 
and truck routes (Maantay, 2007).  
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 In terms of policy, the literature contains some discussion of current and past 
policy regarding particulates, and the effectiveness of these policies.  Although the EPA 
currently regulates PM10 and PM2.5, these regulations are controversial because 
several factors make it very difficult to convince regulators to implement them 
(Davidson et al, 2005).  PM is easily transported over long distances, and, as shown in 
this study, different sizes of PM are transported away from sources at different speeds 
and in different patterns, making it difficult to regulate point sources.  New York City is 
located in the middle of a variety of land uses, from industrial to agricultural; each of 
these land uses can and do also contribute to the air pollution in NYC, which makes it 
difficult to rely on the EPA's local standards because the pollution may actually be 
coming from distant sources (Davidson et al, 2005).   
 In some cases, interventions already in place (scrubbers in smokestacks, new 
regulations regarding diesel engine manufacturing) have reduced the number of large 
particles while increasing the number of small particles.  As discussed in this study, small 
particles are ultimately more damaging to health and more likely to cause premature 
death.  In creating policy that deals with PM, it is important that policymakers 
understand the engineering implications of any devices that attempt to "scrub" or clean 
emissions.  Scrubbers and modifications already in place have been implemented at 
great cost; as stated by Davidson et al (2005), "economic and other tradeoffs associated 
with control actions may be substantial.  As PM standards become more stringent, 
compliance costs escalate, and a decrease in economic productivity becomes more 
likely."  However, it is possible that the increased costs of mitigation devices would be 
72 
 
offset by the immense improvement to health and the reduction of associated 
healthcare costs; more research is needed in order to verify this claim and to determine 
whether such actions should proceed.   
 McClellan (2002) also suggests that reduction in PM concentrations may provide 
such small reductions in attributable health risk that some policymakers may not agree 
that the increased cost of reduction may be worth the extra lives saved.  Health effects 
from PM appear to be linked to fairly low concentrations of PM in many studies, begging 
the question of whether mediation should be attempted at all.  Lastly, people in health 
study areas do not begin at a position of "zero risk", as is methodologically assumed in 
many cases - they begin at some point along a health continuum, which makes studying 
the effects of air pollution on health a sometimes futile endeavor.  In my opinion, the 
reason these arguments exist lies in the fact that the health risks that can be firmly 
attributed to various air pollutants seem small because confounding factors make it 
difficult to provide statistically significant linkages.  This does not necessarily mean that 
reduction of PM should not be studied further.  McClellan (2002), after playing devil's 
advocate, states that PM should be treated like radiation - it should be assumed that 
any given individual already has some exposure events and some pre-existing 
conditions, and that the "appropriate PM standard [should be] zero or as close as 
possible to background levels of PM".  This could lead to a two-phase approach to 
policy, wherein "technology-driven" controls are implemented first and "residual risk" 




 As discussed in this study, a major source of PM is combustion engines, i.e. cars 
and trucks, on the streets of New York.  400 Ktons of PM2.5 is emitted each year by cars 
and trucks across the US (Davidson et al, 2005), and 800,000 pounds of pollutants are 
left in Manhattan air by cars just passing through (NYC Streets Renaissance, 2008).  A 
recent study by the NYC Streets Renaissance (2008) found that only 10% of residents of 
the Upper West Side of Manhattan own cars, but that three out of four residents live 
within two blocks of a congested road.  New Yorkers are bearing the health burden of 
cars and trucks (and also are subject to the space requirements of cars), when the vast 
majority of residents don't even own cars.  From a planning standpoint, there are ample 
reasons to reduce car and truck traffic, including increased street space, lessened 
numbers of fatal crashes, and increased use of (and funding for) public transportation.  
Although health effects are not talked about as often, a reduction in car and truck traffic 
in Harlem would most likely result in increased health of residents.  The data collected in 
this study shows that momentary spikes in PM of all size occurs in the road-side 
environment constantly.  Although these conditions may average out to be under the 
EPA limit over 24-hour or year-long periods, they are still magnitudes higher than the 
EPA limit.  The EPA recognizes that high concentration events are particularly damaging 
to health; therefore, the recommendation of this study would be to employ a much 
shorter monitoring averaging time (1 hour) for future standards.  The problem of truck 
traffic, which brings goods to Manhattan businesses, is more difficult to address.  
Because there is currently no alternate method of transportation proposed for goods 
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being brought to businesses, the solution may lie in the regulation of the vehicles 
themselves - cleaner engines may not reduce traffic, but will reduce PM.   
 A major outcome of further research employing the methods used in this study 
would most likely be an increased education effort and basic knowledge amongst 
community members regarding air pollution and its sources.  Besides the possible policy 
implications and top-down implementation of regulation and planning procedures, the 
possibility of bottom-up change in the form of community members deciding to drive 
less, use less energy, and take measures to reduce indoor sources of PM as a result of 
learning about health consequences could be the impetus needed to push pollution 
















 This study attempted to use scientifically verifiable data collection methods to 
prove statistically significant correlations between air pollution, social variables, health, 
and polluting land uses on a small scale.  The purpose of such a study, besides 
environmental justice-related planning and policy recommendations suggested by the 
above correlations, was to show that this type of study could be replicated by 
community groups  in search of street-level air pollution data.  The study was partially 
successful on both accounts, but opportunities exist to improve on the method of both 
data collection and analysis for future research. 
 Some significant correlations were demonstrated in this study.  Street-level 
spatial PM data, which had never been collected before in Harlem, showed that 
different size PM is highly variable across a small area and that spikes of more than five 
times the background rate were not uncommon  in the street environment, that 
different sizes of PM exhibit significant clustering in different parts of the study area, 
and that the Eastern portion of the study area (Lenox Ave. between 135th and 145th 
Streets, approximately) showed significantly higher levels of PM across tracks and size 
bins.  Qualitative analysis, both by track and by bin size, did not yield clear spatial 
trends.  A major source of potential error in the collection of street-level data was the 
short duration of data collection and the possibility of confounding variables.   
 Analysis of census variables in the area indicated that a distinct division exists in 
Harlem in the spatial distribution of races, with Whites and Hispanics tending to live on 
the West side and Blacks tending to live on the East side.  Poverty, education, and 
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unemployment variables were fairly evenly distributed across the study area, but the 
general characteristics of the area showed high poverty, low educational attainment, 
and high unemployment.  A major source of error for the socio-economic variables 
stems from the use of data from 2000.  The 2000 census is the most recent survey with 
the needed variables given at the needed geographic boundaries, but Harlem has 
changed substantially since 2000 and therefore the comparison of 2008 air pollution 
data with 2000 census data may not be an accurate analysis method.  A cohort dataset 
could eliminate this problem, while providing address-level data points.  
 Although hospitalization data was from 2006 and therefore provided a more 
accurate picture than the census data, it was only available at tract level.  Because the 
study area was so small, the data may not have provided a fine enough resolution to 
make significant comparisons.  Despite this problem, a significant relationship was 
demonstrated between some types of respiratory-related hospitalization s and coarse 
particles, and between some types of circulatory-related hospitalizations and ultrafine 
particles, as expected.  Again, a cohort dataset could eliminate much of the uncertainty 
introduced by the use of census tract-level health data. 
 Much of the methodology for this study was based on methodology used in 
Maantay's 2007 study of asthma in the Bronx, and it was hypothesized that 
relationships would be seen between buffer areas of suspected polluting land uses and 
PM, and also between health variables and buffers.  In addition, it was expected that 
incidences of asthma hospitalizations, which was the only health variable used in the 
Maantay study, would be positively correlated with both PM and the buffers.  Neither of 
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these hypotheses were proved in this study; in fact, PM was negatively correlated with 
the presence of buffers in many instances.  Possible reasons for these findings are the 
same as those mentioned above.  The fact that statistically significant relationships were 
not found does not necessarily mean that asthma and polluting land uses are not of 
concern.  The main lesson learned in completing this study is that more data, at higher 
accuracy levels, is needed.  The fact that some significant correlations were, in fact, 
demonstrated by this research even with significant error propagation caused by non-
address-level data and a short monitoring period suggests that PM is definitely a 
concern and that further research should be completed in order to provide more 
significant results.  At the very least, the study should be replicated during summer 
months in order to get a clearer picture of the PM highs to which New Yorkers are 
subject.   
 From a planning and policy standpoint, this study proves that small-scale 
monitoring efforts with significant results are possible, and that community groups 
could undertake similar efforts easily, especially with the help of local institutions.  
Challenges do exist - the equipment is expensive and finicky, the data collection is time-
consuming, and the analysis requires specialized knowledge - but these issues could be 
overcome with the help of grants and partnerships with students, professors, and 
experts.  Seven days of data yielded significant results in this study; a year-long project 
involving local schools and volunteers could provide major results.  As discussed in the 
literature review, there often exists a disconnect between communities, experts, and 
policy-makers; this disconnect causes important research not to be enacted in the form 
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of policy, which causes communities (especially those with little economic and political 
brunt) to lose out on massive potential improvements.  Air pollution research provides 
the perfect opportunity for locals, institutions, and politicians to come together under 
the umbrella of improved health.  Air pollution has no boundaries, and New York is, 
relatively speaking, geographically quite small.  Improvements in air quality benefit not 
only the communities usually referenced by environmental justice advocates.  Although 
air pollution has improved greatly since the EPA first enacted PM regulations, there still 
exists room for improvement.  This improvement must come from the bottom of the 
system as well as the top.  By involving the community, researchers, and government 
officials, air pollution can be simultaneously mitigated.  Harlem residents can become 




























Figure 2a: Basic Statistics for Average Bin 0.5 Measurements 
 
 





Figure 4a: Basic Statistics for Average Bin 1 Measurements 
 
 





Figure 6a: Basic Statistics for Average Bin 3 Measurements 
 
 



















   
Bin 0.3 Micrometers            Bin 0.5 Micrometers          Bin 0.7 Micrometers  
   
Bin 1 Micrometer           Bin 2 Micrometers          Bin 3 Micrometers 
        
    Bin 5 Micrometers          Bin 10 Micrometers  





   
Bin 0.3 Micrometers            Bin 0.5 Micrometers            Bin 0.7 Micrometers 
   
Bin 1 Micrometer              Bin 2 Micrometer                Bin 3 Micrometer 
        
               Bin 5 Micrometers        Bin 10 Micrometers  




   
Bin 0.3 Micrometer            Bin 0.5 Micrometer           Bin 0.7 Micrometer 
   
Bin 1 Micrometer                    Bin 2 Micrometers                   Bin 3 Micrometers 
   
                    Bin 5 Micrometers                  Bin 10 Micrometers  
Figure 11a: Track 3 Interpolated Surfaces by Bin Size 
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